Invertebrates are valuable models for increasing our understanding of the effects of ethanol on the nervous system, but most studies on invertebrates and ethanol have focused on the effects of ethanol on locomotor behavior. In this work we investigate the influence of an acute dose of ethanol on appetitive olfactory learning in the honey bee (Apis mellifera), a model system for learning and memory. Adult worker honey bees were fed a range of doses (2.5%, 5%, 10%, or 25%) of ethanol and then conditioned to associate an odor with a sucrose reward using either a simple or differential conditioning paradigm. Consumption of ethanol before conditioning significantly reduced both the rate of acquisition and the asymptotic strength of the association. Honey bees also exhibited a dose dependent reduction in arousal/attention during conditioning. Consumption of ethanol after conditioning did not affect recall 24 h later. The observed deficits in acquisition were not due to the affect of ethanol on gustatory sensitivity or motor function. However, honey bees given higher doses of ethanol had difficulty discriminating amongst different odors suggesting that ethanol consumption influences olfactory processing. Taken together, these results demonstrate that an acute dose of ethanol affects appetitive learning and olfactory perception in the honey bee.
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Introduction
Alcoholism and alcohol abuse are serious problems affecting millions of people worldwide, yet the mechanisms through which ethanol affects motor control, learning and sensory processing are not well understood. Model systems that can provide insight into the effects of ethanol are a valuable tool in the development of new treatments. A number of studies have shown that ethanol affects motor function in invertebrates in a manner that parallels the behavioral effects of ethanol in mammals (Davies et al., 2003; Maze, Wright, & Mustard, 2006; Moore et al., 1998; Parr et al., 2001 ). Yet, to date, the assays used for analysis of the effects of ethanol on invertebrate model systems have largely depended on changes in locomotion, whereas addiction may have more in common with the processes involved in learning and memory (Hyman, Malenka, & Nestler, 2006; Kreek, Nielsen, & LaForge, 2004; Nestler, 2002) . Previous work in mammalian systems suggests that ethanol may act upon different targets to effect locomotor behavior versus learning. For example, in humans, studies have shown that ethanol will interfere with information processing and decision making at lower concentrations than those required to affect motor function (Hernandez, Vogel-Sprott, Huchin-Ramirez, & Ake-Estrada, 2006; Mitchell, 1985) . Thus, investigation of the effects of ethanol on learning and memory may be important for understanding ethanol's targets in the central nervous system and the processes of addiction.
In humans and other mammals, acute ethanol treatment influences acquisition during learning tasks as diverse as delayed match-to-sample tasks, fear conditioning, and maze learning (Bammer & Chesher, 1982; Hernandez, Valentine, & Powell, 1986; Lister, Eckardt, & Weingartner, 1987; Ryback, 1971; White, Matthews, & Best, 2000) . However, little is known about how ethanol affects learning in invertebrates. In Drosophila melanogaster, flies with mutations in genes involved in olfactory learning and memory such as amnesiac, rutabaga, and fasciclinII also show increased sensitivity to ethanol as determined by the level of ethanol required for the fly to lose postural control in the inebriometer (Cheng et al., 2001; Moore et al., 1998) . Recently, further work has characterized the effects of ethanol in a number of mutant
